
BELLCOMM. INC. 
1100 Seventeenth Street, N.W. Washington. D.C. 20036 

-\ 

L 

i 

L 

SUBJECT: An I n t e r i m  Report on 
a n  I n v e s t i g a t i o n  o f  a 
S impl i f ied  T L I  Hyper- 
su r f ace  Representa t ion  - 
Case 310 

ABSTRACT 

DATE: March 15, 1967 

FROM: B. G. Niedfe ld t  

The o b j e c t  o f  t h i s  memorandum i s  t o  i n v e s t i g a t e  t h e  
Trans lunar  midcourse c o r r e c t i o n  A V p e n a l t i e s  a s s o c i a t e d  w i t h  
t he  use of a s i m p l i f i e d  hypersur face  r e p r e s e n t a t i o n  which 
could be used dur ing  Launch Vehicle guided Trans lunar  I n j e c -  
t i o n s  on LOR miss ions .  I n  add i t ion ,  t h i s  memorandum d e s c r i b e s  
t h e  s e n s i t i v i t i e s  o f  Trans lunar  midcourse c o r r e c t i o n s  t o  devia-  
t i o n s  o f  t he  I G M  guidance parameters and i n c l u d e s  a d i s c u s s i o n  
of t h e  e f f e c t s  of  c o r r e l a t i o n  between energy and e c c e n t r i c i t y .  
The i n v e s t i g a t i o n  was performed for t h r e e  t r a j e c t o r i e s  which 
span t h e  launch window for February 20, 1968. It was demon- 
s t r a t e d  t h a t  the  s e n s i t i v i t i e s  of t r a n s l u n a r  midcourse cor rec-  
t i o n s  t o  d e v i a t i o n s  o f  t h e  IGM guidance parameters were almost 
i d e n t i c a l  for a l l  t h r e e  t r a j e c t o r i e s .  

The f i rs t  and second midcourse c o r r e c t i o n  requirements  
were computed us ing  a s i n g l e  s e t  o f  I G M  guidance parameters ( an  
average s e t )  throughout t h e  e n t i r e  window. Since t h e  va . r i a t ion  
i n  guidance parameters over  a launch window was found t o  be very 
t r a j e c t o r y  s e n s i t i v e ,  u s i n g  an average s e t  f o r  t h e  e n t i r e  4 1/2 
hour  window r e s u l t e d  i n  midcourse c o r r e c t i o n s  t h a t  were t r a j e c -  
t o r y  s e n s i t i v e .  It was concluded t h a t  while some t r a j e c t o r i e s  
would al low t h e  use o f  an average se t  of guidance parameters ,  
o t h e r s  would r e q u i r e  a r educ t ion  i n  launch window i n  o r d e r  t o  
keep t h e  midcourse c o r r e c t i o n s  r easonab le .  
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Simplified TLI Hyper- 
surface Representation - 
Case 310 

DATE: March 15, 1967 

FROM: B. G. Niedfeldt 

MEMORANDUM FOR FILE 

INTRODUCTION 

The object of this memorandum is to investigate 
the translunar midcourse correction A V penalties associated 
with the use of a simplified hypersurface definition which 
could be used during Launch Vehicle guided Translunar Injec- 
tions on LOR missions. The hypersurface, as defined by MSFC, 
is the collection of all guidance targetting parameters re- 
quired f o r  use of the Iterative Guidance Mode (IGM) equa-tions 
to perform Translunar Injections (TLI) across an entire launch 
opportunity which satisfy the given set o f  mission constraints. 
At the present time, MSFC is planning to store, in the on-board 
computer, the guidance targetting parameters for TLI in table 
lookup form f o r  two launch opportunities (i.e., first and sec- 
ond Pacific, first Pacific and second Atlantic, etc.). 

The digital computer simulation (Reference 1) used 
in performing this investigation contains a slightly different 
representation of the hypersurface parameters than is currently 
being proposed by MSFC. The version used is called Hypersurface I 
Equations in Reference 2. The guidance parameters used are 
1) a unit aim vector which was selected as the vector pointing 
toward the intersection of a sphere whose radius is equal to 
the radial distance to the Moon's sphere of influence on the 
integrated trajectory and the osculating orbit as defined by 
the nominal TLI state vector, 2) a magnitude which corresponds 
to the radial distance t o  the intersection of the unit aim vec- 
t o r  and the desired trajectory, 3) a nominal eccentricity, and 
4) a term corresponding to twice the conic energy at nominal 
TLI cutoff, This version of the hypersurface parameters leads 
to slightly larger midcourse AV penalties than the ones current- 
ly proposed by MSFC, but the differences are not great. 
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The s i m p l i f i e d  hypersur face  d e f i n i t i o n s  eva lua ted  

i n  t h i s  i n v e s t i g a t i o n  were determined i n  t h e  fo l lowing  manner: 

The l a t i t u d e  and longi tude  of t h e  u n i t  aim v e c t o r  
i n  se lenographic  coord ina tes  were determined a c r o s s  
an e n t i r e  launch oppor tuni ty .  The average l a t i t u d e  
and the average longi tude were computed and these  
values  he ld  f i x e d  across  t h e  e n t i r e  oppor tun i ty .  
These two parameters ( i . e . ,  t h e  average l a t i t u d e  
and l o n g i t u d e )  were then  used t o  d e f i n e  t h e  o r i en -  
t a t i o n  of t h e  average u n i t  aim v e c t o r  f o r  t he  e n t i r e  
oppor tun i ty .  Note t h a t  t h e  u n i t  a i m  v e c t o r ' s  o r l e n -  
t a t i o n  i s  changing a c r o s s  t h e  oppor tun i ty  a t  an angu- 
l a r  r a t e  equal  t o  the Moon's o r b i t a l  r a t e .  

The average rad ia l  d i s t a n c e  ( throughout  t h e  oppor- 
t u n i t y )  t o  t h e  i n t e r s e c t i o n  of  t h e  extended u n i t  aim 
v e c t o r  and the  des i r ed  t r a j e c t o r y  was computed. 

The value of t he  average e c c e n t r i c i t y  a c r o s s  t h e  en- 
t i r e  oppor tun i ty  was computed. 

The value of t h e  average energy r e l a t e  term a c r o s s  
t he  e n t i r e  o p p o r t u n i t y  was computed. 

o f  average hypersurface parameters  were then  used a s  
t h e  guidance t a r g e t t i n g  parameters  f o r  use b y  t h e  I G M  equa t ions  
t o  perform t h e  TLI maneuvers a c r o s s  the  e n t i r e  launch oppor tun i ty .  
The midcourse c o r r e c t i o n s  r equ i r ed  t o  achieve t h e  d e s i r e d  end 
c o n d i t i o n s  were then  computed t o  determine t h e  pena l ty  a s soc ia -  
t e d  w i t h  t h i s  s i m p l i f i e d  hypersur face  r e p r e s e n t a t i o n .  Spec ia l  
n o t e  was made of t h e  e f f e c t  o f  c o r r e l a t i o n  between the  v a r i a -  
t i o n s  o f  energy and e c c e n t r i c i t y .  

The a c t u a l  i n v e s t i g a t i o n  was performed us ing  p e r t u r -  
b a t i o n  techniques  which a r e  equ iva len t  t o  t h e  method desc r ibed  
above. The technique used i n  t h e  i n v e s t i g a t i o n  i s  f u l l y  de- 
s c r i b e d  i n  t h e  next  s e c t i o n .  

GENERAL DISCUSSION OF TECHNIQUES USED 

A s e t  of r e f e r e n c e  t r a j e c t o r i e s  was de f ined  which 
s a t i s f i e d  a l l  LOR miss ion  o b j e c t i v e s  and c o n s t r a i n t s .  From 
t h e  p o r t i o n  of each r e fe rence  t r a j e c t o r y  cor responding  t o  TLI  
a s e t  of d i s c r e t e  guidance parameters  was de f ined .  The r e f e r e n c e  
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t r a j e c t o r i e s  used du r ing  t h i s  i n v e s t i g a t i o n  were t h o s e  asso-  
c i a t e d  w i t h  t h e  launch window of February 20, 1968 ( launch  
azimuths of 72", 90" and 108") f o r  t h e  f i rs t  P a c i f i c  oppor- 
t u n i t y .  The T L I  maneuvers were made i n  t he  plane de f ined  b y  
t h e  Ea r th  Parking O r b i t .  

L inear ized ,  f ree  f a l l ,  t r a n s i t i o n  ma t r i ces  were gen- 
e r a t e d  r e l a t i n g  TLI t o  t h e  f i r s t  midcourse c o r r e c t i o n  p o i n t  
and t h e  f i rs t  midcourse c o r r e c t i o n  p o i n t  t o  t h e  second m i d -  
course  c o r r e c t i o n  p o i n t .  During t h e  course  of t h e  i n v e s t i g a t i o n ,  
i t  was found t h a t  second o r d e r  e f f e c t s  from TLI  t o  t h e  f i rs t  
midcourse c o r r e c t i o n  po in t  were no t  n e g l e c t i b l e  and the  f r e e  
f a l l  model for t h i s  segment was modif ied t o  take t h e s e  i n t o  
account .  T h i s  was accomplished b y  g e n e r a t i n g  a second o r d e r  
f ree  f a l l  t r a n s i t i o n  ma t r ix  between these two p o i n t s  on t h e  
t r a j e c t o r y .  The mixed o r  c ros s  p a r t i a l  d e r i v a t i v e s ,  e . g . ,  

av aw 
2 were not  incorpora ted  i n t o  t h e  model. a u '  

The f i r s t  midcourse c o r r e c t i o n  was made 5 hours  a f t e r  
T L I  and t h e  second midcourse c o r r e c t i o n  made a t  t he  Moon's sphere  
of i n f l u e n c e  (MSI). The s imula t ion  of midcourse c o r r e c t i o n s  
was such t h a t  t he  f i rs t  c o r r e c t i o n  c o n s t r a i n e d  t i m e  of a r r i v a l  
a t  a f i x e d  po in t  a t  the  MSI and the  second c o r r e c t i o n ,  made a t  
the  nominal t i m e  of MSI, r e s t o r e d  t h e  t r a j e c t o r y  t o  t h e  r e f e r e n c e ,  

The fo l lowing  technique was used t o  determine t h e  
s e n s i t i v i t y  ma t r i ces .  It was assumed tha t  t h e  nominal s e t  of 
guidance parameters would r e s u l t  i n  a p e r f e c t  T L I  ( i . e . ,  zero 
midcourse c o r r e c t i o n s )  for t he  nominal performance ease. The 
parameters  were per turbed  one a t  a t i m e  and t h e  d e v i a t i o n s  from 
t h e  nominal i n  p o s i t i o n  and v e l o c i t y  a t  a f i x e d  t ime p a s t  nom- 
i n a l  c u t o f f  were determined, These d e v i a t i o n s  were used a s  
i n p u t  data t o  determine t h e  midcourse c o r r e c t i o n s  r e q u i r e d  t o  
get  back on t o  t h e  r e fe rence  t r a j e c t o r y  a t  MSI. The pe r tu rba -  
t i o n s  s t u d i e s  were t h e  fo l lowing  se t :  

1. F r a c t i o n a l  change i n  d e s i r e d  e c c e n t r i c i t y  

2. F r a c t i o n a l  change i n  d e s i r e d  energy term 

3 .  F r a c t i o n a l  change i n  d e s i r e d  aim v e c t o r  magnitude 

4. Rota t ion  of d e s i r e d  u n i t  aim vec to r  about  an a x i s  
i n  t h e  d e s i r e d  o r b i t a l  p lane  and pe rpend icu la r  t o  
t h e  nominal u n i t  aim v e c t o r .  
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5. Rota t ion  of des i r ed  u n i t  a i n  v e c t o r  about an  
a x i s  ou t  of the des i red  o r b i t a l  p l a n e ,  

Any p e r t u r b a t i o n  o f  the guidance parameters  can be 
w r i t t e n  i n  terms of these 5 parameters .  However energy, eccen- 
t r i c i t y  and pe r igee  magnitude are simply r e l a t e d .  

Where e i s  t h e  e c c e n t r i c i t y  

C t h e  energy r e l a t e d  term 

r t h e  pe r igee  magnitude 
3 

P 
and l~ i s  t h e  g r a v i t a t i o n a l  c o n s t a n t  

Thus i f  t h e  p e r i g e e  magnitude i s  cons t an t  
r 

Ae - - 2 A C 3  
lJ 

and t h i s  d i r e c t  r e l a t i o n  makes the  f i r s t  two s e n s i t i v i t i e s  
combine i n t o  one. Note that  a l though Ae and A C  are p o s i t i v e l y  
c o r r e l a t e d ,  the  f r a c t i o n a l  changes, i . e . ,  A C  / and a r e  

n e g a t i v e l y  c o r r e l a t e d  s i n c e ,  for e l l i p t i c a l  o r b i t s ,  C i s  neg- 
a t i v e .  

3 

c3 
3 

For cases  where per igee magnitude i s  f i x e d ,  any per- 
t u r b a t i o n  o f  t h e  guidance parameters can be w r i t t e n  i n  terms 
o f  f o u r  independent s e n s i t i v i t i e s :  one a s s o c i a t e d  wi th  t he  
e n e r g y - e c c e n t r i c i t y  p e r t u r b a t i o n  and t h r e e  a s s o c i a t e d  with t h e  
a i m  vec to r .  T h i s  i s  the  p r i n c i p a l  s e t  o f  d e v i a t i o n s  which a r e  
cons idered  i n  d e t a i l  i n  t h e  next s e c t i o n  o f  t h i s  r e p o r t .  The 
c o r r e l a t i o n  between the  energy and e c c e n t r i c i t y  terms, f o r  t h e  
s p e c i a l  case  of f r e e  r e t u r n  Earth-Moon t r a j e c t o r i e s ,  has been 
po in ted  o u t  i n  Reference 3 and by a r e c e n t  MSFC proposa l  t o  
r e p r e s e n t  t h i s  p o r t i o n  o f  t h e i r  hype r su r face  parameters  b y  a 
t ab le  lookup f o r  C and one value of  pe r igee  magnitude p e r  
o p p o r t u n i t y .  
magnitude i s  no t  a cons t an t  a c r o s s  t h e  e n t i r e  launch oppor tun i ty ,  

3 
Make s p e c i a l  n o t e  o f  t he  f a c t  t ha t  i f  the  p e r i g e e  
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t h a t  t h e  assumption w i l l  be v i o l a t e d  and t h a t  t h i s  w i l l  c o s t  
midcourse AV. The equat ion  which r e l a t e s  e c c e n t r i c i t y  devia- 
t i o n s  t o  pe r igee  d e v i a t i o n s  wi th  a cons t an t  (or c o r r e c t )  C i s  
as fo l lows:  3 

Ar Ae = J C, 

The midcourse AV pena l ty  f o r  an  e r r o r  i n  pe r igee  i s  d i r e c t l y  
p o r t i o n a l  t o  an e r r o r  i n  e c c e n t r i c i t y  b y  t h e  above equa t ion .  
For t h e  launch o p p o r t u n i t i e s  reviewed t o  d a t e ,  t h e  assumption 
of a cons t an t  pe r igee  ac ross  an e n t i r e  oppor tun i ty  caused a 
midcourse AV pena l ty  of l e s s  t han  2 f ee t  p e r  second.  T h i s  
amount i s  considered n e g l e c t i b l e .  

D I S C U S S I O N  OF RESULTS 

The midcourse c o r r e c t i o n  s e n s i t i v i t y  m a t r i c e s ,  which 
r e l a t e  i n d i v i d u a l  guidance parameter d e v i a t i o n s  t o  mi dcourse AV 
a r e  given i n  Table 1 f o r  t h e  t h r e e  t r a j e c t o r i e s .  The midcourse 
c o r r e c t i o n  s e n s i t i v i t y  mat r ices  which r e l a t e  energy d e v i a t i o n s  
c o r r e l a t e d  w i t h  a change i n  e c c e n t r i c i t y  a r e  g iven  i n  Table 2 .  
In  a d d i t i o n ,  F igures  1 t h r u  6 show t h e  magnitude o f  t h e  f i r s t  
and second midcourse c o r r e c t i o n  A V l s  versus  d e v i a t i o n s  i n  t h e  
guidance parameters .  

I n  bo th  Table 1 and Table 2, t h e  v e l o c i t y  components 
of the  f i r s t  and second midcourse c o r r e c t i o n s  a r e  g iven  i n  u v w 
coo rd ina te  sys t ems  e r e c t e d  a t  t h e  nominal f i r s t  and second mid- 
course  c o r r e c t i o n  p o i n t s  r e s p e c t i v e l y .  The u a x i s  i s  a long  the 
nominal r a d i u s  vec tor ,  t h e  v a x i s  i s  i n  t h e  des i red  o r b i t a l  plane 
90" ahead of u, and t h e  w ax i s  i s  ou t  o f  t h e  d e s i r e d  o r b i t a l  
p lane  completing t h e  or thogonal  s e t .  The t o p  t h r e e  rows of each 
m a t r i x  r e l a t e  f i r s t  midcourse c o r r e c t i o n  s e n s i t i v i t i e s  t o  hyper- 
s u r f a c e  d i s c r e t e  d e v i a t i o n s  and t h e  bottom t h r e e  rows r e l a t e  sec-  
ond midcourse c o r r e c t i o n  s e n s i t i v i t i e s  t o  hypersur face  d i s c r e t e  
d e v i a t i o n s .  The hypersur face  d i s c r e t e  d e v i a t i o n s  must be g iven  
i n  terms of r ad ians  for the two r o t a t i o n s  and i n  terms of f r a c -  
t i o n a l  change f o r  t h e  o t h e r  d e v i a t i o n s .  The ou tpu t  dimensions 
a r e  i n  f e e t  p e r  second. 

One f e a t u r e  of t h e  genera ted  miccourse s e n s i t i v i t i e s  
( r e f e r  t o  Tables 1 and 2 )  i s  t h a t  they are r e l a t i v e l y  c o n s t a n t  
a c r o s s  t h e  e n t i r e  launch window. A l l  dominant f i r s t  and second 
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o r d e r  terms have t h e  same general  magnitude and s i g n ,  while  
on ly  t h e  smaller (and i n  a l l  c a s e s  i n s i g n i f i c a n t )  terms vary 
q u i t e  a b i t  i n  magnitude b u t  no t  i n  s i g n ,  

F igures  1 t h r u  5 show t h a t ,  for midcourse c o r r e c t i o n  
4 V  magnitude requi rements  of l e s s  t h a n  25 f e e t  p e r  second, 

on ly  energy and e c c e n t r i c i t y  d e v i a t i o n s  ( independent )  l ead  t o  
n o t i c e a b l e  second o r d e r  e f f ec t s  and then ,  when the  compensating 
c o r r e l a t i o n  which e x i s t s  between them i s  t aken  i n t o  account  
( i . e . ,  Figure 6 ) ,  becomes a f i r s t  o r d e r  f u n c t i o n  a l s o .  This  
means t h a t  even though the re  a re  second o r d e r  terms con ta ined  
i n  t h e  s e n s i t i v i t y  m a t r i c e s  (Tables 1, and 2 ) ,  t h e  h i g h e r  
o r d e r  terms do n o t  p l ay  a dominant r o l e  u n t i l  t h i n g s  a re  a l -  
r eady  well  out-of-hand. 

The e f f e c t s  of t a k i n g  t h e  c o r r e l a t i o n  between e n e r g y  
and e c c e n t r i c i t y  i n t o  account are  most i n t e r e s t i n g .  A s  w i l l  
be no ted  when comparing Figures  3, 4, and 6, t he  e f f e c t s  of 
t h e  c o r r e l a t i o n  are very obvious.  The magnitude o f  t h e  m i d -  
course  A V  i s  markedly reduced and t h e  second o r d e r  e f f e c t s  
were made almost n e g l i g i b l e  ( f o r  t h e  range o f  d e v i a t i o n s  shown 
on t h e  f i g u r e s ) .  

The bes t  es t imate  o f  t h e  range o f  va lues  ove r  which 
t h e  d e v i a t i o n s  of t he  hypersur face  q u a l i t i e s  could  vary from 
t h e i r  t r u e  va lues ,  summarized from t h e  launch o p p o r t u n i t i e s  
review t o  date ,  i s  p l u s  and minus the  va lues  con ta ined  i n  
Table 3. This s e t  o f  d e v i a t i o n s  r e s u l t e d  when an average  hyper- 
s u r f a c e  s e t  o f  d i s c r e t e s  was e s t a b l i s h e d  f o r  t he  f i rs t  A t l a n t i c  
o p p o r t u n i t y  on February 20, 1968, and were by f a r  t h e  l a r g e s t  
encountered  du r ing  t h e  e n t i r e  month o f  February 1968 (see 
Reference 3). The r e s u l t s  of m u l t i p l y i n g  these d e v i a t i o n s  b y  
t h e  s e n s i t i v i t y  m a t r i c e s  given i n  Tables  1 and 2 a re  g iven  i n  
Table 4. A s  can be seen,  energy and e c c e n t r i c i t y  d e v i a t i o n s  
( independent )  lead t o  extreme midcourse requi rements  ( 2  695. f p s ) ,  
b u t  when the  c o r r e l a t i o n  p resen t  was ta$en i n t o  account ,  the  mid- 
cour se  A V  magnitude dropped markedly ('L 45. f p s ) .  Even w i t h  
t h i s  tremendous r educ t ion  i n  midcourse AV, t h e  c o r r e l a t e d  energy 
and e c c e n t r i c i t y  d e v i a t i o n  c o n t r i b u t i o n  was t h e  l a rges t .  The 
midcourse A V  requirement  f o r  t h e  two r o t a t i o n a l  e r r o r s  was a l s o  
e x c e s s i v e .  Devia t ions  s e l e c t e d  from o t h e r  launch o p p o r t u n i t i e s  
i n  February o f  1968 r e s u l t e d  i n  t h e  energy and c o r r e l a t e d  eccen- 
t r i c i t y  terms p l a y i n g  on ly  a minor r o l e  i n  t h e  midcourse co r rec -  
t i o n  requi rements .  
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Figures  1, 2, 5 ,  and 6 can  be used t o  estimate t h e  
r e l a t i v e  midcourse AV expense for d i f f e r e n t  launch oppor tuni -  
t i e s .  Although t h e  s e n s i t l v i t y  m a t r i c e s  may vary  s l i g h t l y  
from window t o  window, the conic  e lements  of t h e  fami ly  o f  
Earth-Moon f r e e - r e t u r n  t r a j e c t o r i e s  do no t  vary  ove r  a n  extreme 
range and t h e r e f o r e ,  t h e  r e s u l t a n t  s e n s i t i v i t y  m a t r i c e s  f o r  
hypersur face  d e v i a t i o n s  should be r e l a t i v e l y  c o n s t a n t ,  

Bounds could  be e s t a b l i s h e d  on t h e  four f i g u r e s  
( i . e . ,  1, 2, 5, and 6 )  such t h a t  t h e  f i r s t  midcourse c o r r e c t i o n  
AV should  no t  exceed a g iven  amount and i f  any d e v i a t i o n  for a 
g iven  oppor tun i ty  window exceeded t h a t  s p e c i f i e d  amount, t h e  
window could  be reduced i n  du ra t ion  u n t i l  a l l  t h e  d e v i a t i o n s  
r e q u i r e d  a midcourse A V  of less  than  the  s p e c i f i e d  amount. 
Then, i t  could  be s t a t e d  t h a t  t h e  reduced window could  be 
r e p r e s e n t e d  by a s i n g l e  set  o f  average hypersur face  d i s c r e t e s .  
Note t h a t  t h e  d u r a t i o n  o f  t he  window would have t o  be reduced 
such t h a t  t h e  midcourse AV p e n a l t i e s  a s s o c i a t e d  w i t h  each 
o p p o r t u n i t y  was l e s s  t han  the s p e c i f i e d  amount. 

CONCLUSIONS 

It was demonstrated t h a t  t he  s e n s i t i v i t i e s  o f  t r a n s -  
l u n a r  midcourse c o r r e c t i o n s  t o  d e v i a t i o n s  of t h e  IGM guidance 
parameters were almost cons t an t  over  an  e n t i r e  launch  oppor- 
t u n i t y .  

It was a l s o  demonstrated t h a t  t h e r e  are launch  oppor-  
t u n i t i e s  which e x i s t  where a s e t  o f  a v e r a  e hype r su r face  d i s -  
c r e t e s  (used  throughout  t h e  e n t i r e  window 7 could  r e s u l t  i n  
e x c e s s i v e  midcourse A V  expend i tu re .  It was concluded t h a t  whi le  
some t r a j e c t o r i e s  would a l low t h e  use  o f  an  average  s e t  of guid-  
ance  parameters ,  o t h e r s  would r e q u i r e  a r e d u c t i o n  i n  launch 
window i n  o r d e r  t o  keep t h e  midcourse c o r r e c t i o n s  r easonab le .  
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72" Launch 
I 
, Azimuth 

' -555.53 
9 

-88.289 AC3 

+688.89 AC3 

3 -36.111 AC 

3 -126.11 AC 

-2.333 A C 3  
I 

90" Launch 
A ziniu t h 

-550.29 

+436.05 AC3 

-57.309 AC3 

950 

TABLE 2 

1 
I 

L Change)J 

~~ 

108" Launch 
A z i m u t h  

-553.53 * 

-533.33 AC 

+805.56 A C .  

TRANSLUNAR MIDCOURSE CORRECTION SmSITIVITIES OF THE ENERGY RELATED 

TERM CORRELATED WITH THE ECCENTRICITY TERM TO M A I N T A I N  A CONSTANT 

PERICENTER 



.003 r a d i a n s  

.002 r a d i a n s  

.045 f r a c t i o n a l  change 

,00095 f r a c t i o n a l  change 

,0030 f r a c t i o n a l  change 

.045 f r a c t i o n a l  change 
c o r r e l a t e d  with a 
-.00095 - Ae f r a c t i o n a l  change 

e 

TABLE # 3 

A SET OF MAXIMUM DEVIATIONS OF HYPERSURFACE 
QUANTITIES ACROSS AN ENTIRE 4 1/2 HOUR LAUNCH WINDOW 



' LAUNCH 
AZIMUTH 

1 

7 2 ' ~ ~  
9O'Az 

1 0 8 O ~ z  

72'Az 
gO'Az 

1 0 8 ' ~ ~  

72"Az 
9O"Az 

1 0 8 " ~ ~  

72'Az 
gO'Az 

108 'Az 

72'Az 
9O'Az 

1 0 8 ' ~ ~  

*VU1 

- ,  614 
-. 630 
-. 682 

-4.88 
-4.89 
-4.88 

-638. 
-645. 
-666. 

-648. 
-662. 
-0'57. 

-1.52 
-1.50 
-1 053 

AV, ( f ' t / sec)  
I 

AVVl 

.461 

.536 

.502 

16.2 
16.2 
16.2 

-153. 
-147. 
-134. 

-164. 
-166. 
-163. 

5.19 
5.16 
5.17 

I 

25.6 

25.6 
25.4 

.008 

.002 

.009 

.280 

.352 

.308 

.490 

.380 

.500 

0.0 
0.0 
0.0 

72'Az -25.2 -29.0 0.0 

9O'Az -23.9 -29.0 0.0 

108'Az -23.8 -28.6 0.0 

AV2 ( f t  / s e c  ) 

-, 016 +.684 
- .001 -. 081 
-. 022 .806 

-0951 -3.68 
- .955 -3.68 
-. 950 -3.67 

24.2 2.36 
24.2 .87 
24.0 -1.79 

25.5 5.49 
26 .1  5.03 
25.7 5.08 

-. 304 -1.17 
-. 303 -1.17 
-. 302 -1.17 

3.01 6.41 

2.98 6.40 

3.01 6.31 

TABLE #4 

AVW2 

-16.7 
-16.6 
-16.7 

-. 166 
-. 0269 
-. 191 

-. 423 
0.0 

- .736 

-. 330 
-. 120 

-. 380 

-. 053 
- .008 
-. 061 

.268 

,542 

.285 

DEVIATED 
PARAMETER 

A % 
( .003 r a d s )  

A e W  
(.002 r ads )  

( .045 F rac t .  
Change ) 

A e/e 

( 00095 
Frac.  
Change ) 

Frac.  
Change ) 

"3 
Correlated 
with 

e 
e =-.OOOy! - 

MIDCOURSE CORRECTION REQUIREMENTS FOR A 
TYPICAL SET O F  HYPERSURFACE PARAMETER DEVIATIONS 
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